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Title: Expression of Fluorescent Proteins in Branchiostoma lanceolatum by mRNA Injection into Unfertilized Oocytes
Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No (If you can record images/videos using your own camera/software, then mark No) If yes, please list make and model of your microscope: Leica M165FC (fluorescent filters red and green) with a Leica DFC450C camera

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. Steps within the 2.2 Oocyte injection section
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list the step by its protocol number. Steps 2.2.7 to 2.2.9

E.  Will the filming need to take place in multiple locations? (Y/N) No If yes, how far apart are the locations?

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to introduce mRNA encoding a fluorescent protein into Branchiostoma lanceolatum oocytes to allow in vivo fluorescent imaging of developing embryos. (Intro)
This is accomplished by first inducing spawning of ripe amphioxus males and females by a temperature shock of 24 hours. (P1)
Following the temperature shock, females and males are placed into individual spawning cups allowing the collection of, respectively, oocytes and sperm. (P2)
Once the oocytes are lined up in a poly-lysine-coated dish, a specially prepared microinjection needle is used to inject solution inside the core of the oocyte. (P3)
The final step is the fertilization of the oocyte with 1-5 drops of sperm. (P4)
Ultimately, 2-photon laser-scanning microscopy is used to show the ubiquitous expression of the fluorescent proteins produced from the microinjected mRNA. (P5)
P1: LAB MEDIA: P1-52042_hirsinger_peyrieras.ai, place animals in tank, add the thermometer and then the clock. Make the clock tick off 24 hours

P2: LAB MEDIA: P2-52042_hirsinger_peyrieras.ai, place single animal into each cup, “collect”, i.e. remove, oocytes (small dots) and sperm into the petri dish or tube, respectively 

P3: LAB MEDIA: P3-52042_hirsinger_peyrieras.ai, place the petri dish under the microscope and then place the image from LAB MEDIA: P4-52042_hirsinger_peyrieras.ai over the dish. Next, show LAB MEDIA: P5-52042_hirsinger_peyrieras.ai to demonstrate the angle of injection and the spread of the red solution inside the oocyte (please start with a small red dot and then end with the size shown in this image)

P4: LAB MEDIA: P6-52042_hirsinger_peyrieras.ai, use the dropper to pick up some sperm from the tube and then place a few drops in the dish

P5: LAB MEDIA: P7-52042_hirsinger_peyrieras.ai

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[image: image1.jpg]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1.  João Carvalho: Visual demonstration of this method is critical as the microinjection steps are difficult to learn, because they require technical skills that are impossible to detail and convey in print.

Protocol (read by voice talent at JoVE):

2. Poly-Lysine Coated Dishes

2.1. To begin, prepare the poly-lysine coated dishes used to immobilize the oocytes during the injection. For each 35 mm cell-culture Petri dish, cover the bottom with poly-lysine solution and incubate at room temperature for 5 min.
2.1.1. WIDE: Talent approaches workbench
2.1.2. [combined with 2.1.1] MED: Talent covers bottom of dish with polylysine solution. Text overlay (0.25 mg/ml)
2.1.3. MED: Shot of prepared dishes incubating
2.2. Next, transfer the poly-lysine solution into another dish and incubate at room temperature for 5 min.

2.2.1. MED: Talent transfers solution to new dish

2.3. Discard the solution and let the Petri dishes dry upside-down at room temperature for 2 hours.

2.3.1. MED: Shot of prepared dishes drying

2.4. When dry, store the coated dishes wrapped in a plastic wrap at 4°C for up to one week.

2.4.1. MED: Talent places wrapped dishes in storage

3. Agarose Coated Dishes 

3.1. To prepare the agarose-coated dishes used to culture injected embryos, make artificial seawater in reverse osmosis water. 

3.1.1. MED: Talent makes artificial seawater. Text overlay (Artificial Seawater: ASW, 37-38 g/l commercial salts + 0.25 mM NaHCO3)

3.2. Next, dissolve agarose to a 1% concentration in filtered ASW. Swiftly pour the warm agarose solution from one Petri dish into another one to ensure a very thin agarose coating of the dish.

3.2.1. MED: Talent retrieves agarose from microwave

3.2.2. MED: Talent pours agarose between two dishes

3.2.3. CU: optional, shot of a thinly coated dish

3.3. Wrap the coated dishes in Saran wrap and store at 4°C for up to one week.

3.3.1. MED: Talent place wrapped dishes at 4c

4. Injection Mix and Loading Injection Needles

4.1. First, prepare the injection mix in RNase- and DNase-free water.  Phenol Red colors the solution and allows for the identification of successfully injected embryos. 

4.1.1. MED: Talent prepares injection mix. Text overlay (Artificial Seawater: ASW, 37-38 g/l commercial salts + 0.25 mM NaHCO3) (15% glycerol, 1 to 1.8 mg/ml mRNA, 1.25% phenol red)
4.1.2. [combined with 4.1.1] MED: Talent adds phenol red

4.2. Next, centrifuge the mix to pellet the crystals and keep on ice until ready to use.

4.2.1. MED: Talent holds up centrifuged mix and then places it on ice

4.3. When ready, load a 10 µl pipette with 0.5 (l of the injection mix, avoiding the bottom of the tube, where the crystals have been pelleted.

4.3.1. MED: Talent begins loading pipette

4.3.2. [combined with 4.3.1] MED: Talent continues to load pipette, avoiding the bottom of the tube

4.4. Backfill the injection needle by pipetting the 0.5 (l drop of injection mix into the large opening of the needle. Prepare two needles in case one breaks during the injection. 

4.4.1. CU: Talent backfills needle

4.4.2. MED: Talent fills second needle  accidentally named the first take of this clip 4.4.1/2
4.5. Store the needles in a jar with water at the bottom to prevent evaporation of the injection mix and place at 4°C. Let the injection mix slowly travel to the tip of the injection needle for at least 1 hour to minimize the creation of bubbles. 

4.5.1. MED: Talent places jar at 4c

4.5.2. CU: Shot of the injection mix travelling up needle

5. Sample Collection
5.1. To begin oocyte and sperm collection, males and females are shocked in ASW for 24 hours and then transferred into individual cups 1-2 hours before spawning.

5.1.1. MED: Talent retrieves males and females from ASW

5.1.2. [combined with 5.1.1] MED: Talent transfers males and females into individual cups

5.2. Upon spawning, immediately collect sperm and oocytes. Take care not to startle the adults during collection. Additional movement can dissipate, and hence dilute, both sperm and oocytes. 
5.2.0. CU: Animal with sperm and oocytes
5.2.1. MED: Talent begins collecting sperm or oocytes
5.2.2. [combined with 5.2.1] MED: Talent continues collection, taking care not to startle
5.2.3. CU: Talent collects sperm or oocytes.  
5.3. After collection, keep sperm on ice in a 1.5 ml tube and transfer the oocytes in filtered ASW into pre-rinsed Petri dishes.
5.3.1. MED: Talent place tube of sperm on ice
5.3.2. MED: Talent transfers oocytes to petri dish
5.4. Transfer 100-500 oocytes to another 35 mm Petri dish to perform the injections.
5.4.1. MED: Talent transfers oocytes to another petri dish
5.5. Lastly, fertilize the remainder of the oocyte clutch as a control for sperm and oocyte quality or for other experiments.
5.5.1. MED: Talent fertilizes oocytes
6. Oocyte Injection

6.1. To begin the injection procedure, install the needle on the micromanipulator at a 50° angle relative to the horizontal plane. 

6.1.1. MED: Talent puts needle in place, focus on angle 

6.2. Under a fluorescent dissecting scope with 25x oculars, transfer 30 oocytes to a poly-lysine-coated dish in filtered ASW.

6.2.1. MED: Talent sits at microscope

6.2.2. SCOPE CU: Talent begin to transfer oocytes

6.3. To aid in keeping track of injected oocytes, deposit them along a line in an ordered way.  Always inject small numbers to minimize the exposure time to poly-lysine, which tends to deform developing embryos.

6.3.1. SCOPE + MED: Talent deposits oocytes along a more or less straight line

SCOPE: LAB MEDIA: 6.3.1-52042_hirsinger_peyrieras_oocytes_line.avi, from 00:04 till 00:30.
6.3.2. SCOPE + CU: Shot of all transferred oocytes
SCOPE: LAB MEDIA: 6.3.2-52042_hirsinger_peyrieras_oocytes_overview.tif
6.4. Use the dark field illumination to render the oocytes as translucent as possible. Then, with the coarse movement knob, bring the injection needle close to an oocyte.

6.4.1. SCOPE: Talent switches to dark field illumination

LAB MEDIA: Take 1: 6.4.1-52042_hirsinger_peyrieras_dark_field.avi from, 00:00 till 00:04
Take 2: 6.4.1-52042_hirsinger_peyrieras_dark_field.avi, from 00:10 till 00:14
6.4.2. SCOPE: Talent brings needle close to oocyte

LAB MEDIA: Take 1: 6.4.1-52042_hirsinger_peyrieras_dark_field.avi, from 00:18 till 00:21

Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 00:00 till 00:05
6.5. With fine forceps, cut open the needle at the level where the tip starts to curve. By pulsing with the injector, verify that red injection mix is flowing out of the needle.

6.5.1. LAB MEDIA: 6.5-52042_hirsinger_peyrieras_injection_needle_image_1.tif and 6.5-52042_hirsinger_peyrieras_injection_needle_image_2.tif

6.5.2. MED: Talent cuts needle

6.5.3. MED or SCOPE: Talent pulses with the injector and verifies the mix is flowing 

SCOPE: LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_ injection.avi, from 00:06 till 00:11
Take 2: 6.5.3-52042_hirsinger_peyrieras_needle_flow.avi, from 00:06 till 00:12
6.6. At 200x magnification and with the fine movement knob, gently move the injection needle inside the core of the oocyte. If inserted too superficially, the injected solution will not remain inside the oocyte. If inserted too far, the oocyte will be destroyed.

6.6.1. MED: Talent starts making adjustments

6.6.2. SCOPE: Talent enters core of oocyte with needle

LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 00:16 till 00:24
Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 01:01 till 01:10

(Of the two takes, Take 1 better demonstrates the technique)
6.6.3. SCOPE: Shot of correctly inserted needle

LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_injection.avi, at 00:27

Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, at 01:11
(Of the two takes, Take 1 better demonstrates the technique)
6.7. Inject with 1-3 pulses.  If the needle is fine enough, inject with continuous flow at constant pressure. Ensure that the injection volume corresponds to 1/5 to 1/3 of the volume of a single oocyte.

6.7.1. SCOPE: Talent begins injection. Text overlay (120 msec, 1-10 psi)

LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 00:28 till 00:40

Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 01:13 till 01:22
(Of the two takes, Take 1 better demonstrates the technique)
6.7.2. SCOPE: Shot of fully injected oocyte

LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_injection.avi, at 00:40

Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, at 01:23
6.8. Following injection, pull the needle out swiftly to avoid leakage. Verify that the injected solution remains within the oocyte and that, after a few seconds, the injected solution spreads throughout the oocyte.

6.8.1. SCOPE: Talent retracts needle

LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 00:40 till 00:44

Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 01:23 till 01:26
6.8.2. SCOPE: Shot of oocyte when the solution has spread

LAB MEDIA: Take 1: 6.6.2-52042_hirsinger_peyrieras_injection.avi, at 00:44
Take 2: 6.6.2-52042_hirsinger_peyrieras_injection.avi, at 01:27
6.9. Move on to the next oocyte in line. Keep some uninjected embryos of each series as negative controls to estimate the background fluorescence when scanning for injected embryos.

6.9.1. MED + SCOPE: Talent moves to next oocyte
SCOPE: LAB MEDIA: 6.6.2-52042_hirsinger_peyrieras_injection.avi, from 00:44 till 00:46
6.9.2. SCOPE: Shot of injected oocytes next to non-injected controls
LAB MEDIA: 6.9.2-52042_hirsinger_peyrieras_injected_non-injected.tif
(Add an arrow pointing towards the oocyte on the top and label the arrow with the word “injected” and add a second arrow to the oocyte at the bottom and label the arrow with the word “non-injected”)
7. Fertilization, Selection and Embryo Culture
7.1. Fertilize the oocytes as soon as a series has been injected. Because oocyte quality declines with time, inject and fertilize oocytes within 1 hour after spawning.

7.1.1. MED: Talent moves away from microscope

7.1.2. MED: Talent retrieves sperm

7.2. Depending on the sperm concentration, add 1-5 drops of sperm to the oocytes and swirl the dish. The fertilization envelope should become apparent on the embryos after about 1 min. 

7.2.1. MED: Talent adds sperm to dish and swirls

7.2.2. SCOPE: Shot of the fertilization envelope

LAB MEDIA: Take 1: 7.2.2-52042_hirsinger_peyrieras_oocytes_fertilized1.avi, at 00:20
Take 2: 7.2.2-52042_hirsinger_peyrieras_oocytes_fertilized2.avi, at 01:45
7.3. Allow the embryos to detach from the poly-lysine-coated dish, while injecting another series of oocytes.

7.3.1. SCOPE: Shot of Embryos detaching from dish
LAB MEDIA: 7.2.2-52042_hirsinger_peyrieras_oocytes_fertilized1.avi, from 00:28 till 00:30
7.4. Once detached, transfer the embryos into an agarose-coated Petri dish. Remove the embryos from the poly-lysine-coated dish, if at all possible, before the 2-cell stage. 

7.4.1. MED: Talent transfers embryos to petri dish

7.4.2. MED/SCOPE CU: Shot of transferred embryos 

7.5. At the 2-cell to 4-cell stage, select successfully injected embryos with the aid of a fluorescent dissecting scope with a DSR filter. A successful injection is indicated by normal morphology that exhibits a Phenol Red-derived red fluorescent signal. 

7.5.1. SCOPE: Talent views Shot of injected embryos
LAB MEDIA: 7.5.1-52042_hirsinger_peyrieras_4cell-stage.tif
7.5.2. SCOPE: Shot of a successfully injected embryo

LAB MEDIA: 7.5.2-52042_hirsinger_peyrieras_4cell-stage-red.tif
7.6. Keep the embryos in filtered ASW in agarose-coated Petri dishes at 19°C until the desired stage for in vivo imaging. 

7.6.1. MED: Talent places embryos at 19c

8. Results: Expression of Fluorescent Proteins after mRNA Injection
8.1. These representative images of Branchiostoma lanceolatum embryos were taken after microinjection of mRNAs encoding fluorescent proteins. 

8.1.1. LAB MEDIA: figure 4

8.2. This first image shows that expression of nuclear eGFP, obtained by microinjection of an H2B:eGFP construct, can be detected in embryos as early as the 16-cell stage.

8.2.1. LAB MEDIA: 8.1.1-52042_hirsinger_peyrieras_results_image_1.tif

8.3. This gastrula-stage embryo is an example for ubiquitous co-expression of nuclear mCherry and membrane-targeted eGFP. The nuclear signal results from microinjection of an H2B:mCherry construct (8.3.1), while fluorescence at cell membranes is obtained by microinjecting an eGFP:CAAX box construct (8.3.2).

8.3.1. LAB MEDIA: 8.1.2-52042_hirsinger_peyrieras_results_image_2.tif, point an arrow at one of the orange/red dots

8.3.2. LAB MEDIA: 8.1.2-52042_hirsinger_peyrieras_results_image_2.tif, point an arrow at a green membrane

8.4. An optical section of this gastrula-stage embryo shows how nuclei and cell outlines are highlighted, respectively, by nuclear-targeted mCherry and membrane-associated eGFP.

8.4.1. LAB MEDIA: 8.1.3-52042_hirsinger_peyrieras_results_image_3.tif, draw a circle around the bottom portion on the stained image, showing an orange dot surrounded by a green membrane

9. Conclusion (said by authors on camera)

9.1. João Carvalho: The visualization of this microinjection technique will support researchers in the evolutionary developmental biology community to improve existing and to develop novel approaches for in vivo imaging, gene-specific manipulation and stable transgenesis in amphioxus, an important model for understanding animal evolution.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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